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VERNON H. CHELDELIN AND AGNAR P. NYGAARD [VOL. 61 diluted to 10 ml with distilled water. Tubes are cotton-plugged and sterilized by autoclaving for 15 minutes at 15 pounds pressure. They are inoculated aseptically with one drop (0.05 ml) of an inoculum (optical density approximately 0.25)' prepared by resuspending the centrifuged cells in sterile 0.9 per cent NaCl solution. The tubes are incubated at 37 C in a water bath. Growth is measured by turbidimetric readings in a suitable turbidimeter, or acid production is alternatively measured by titration with alkali. (Snell and Strong, 1939 (Nygaard and Cheldelin, 1951) . However, after more than a year of working with this orgism, both cultures being used developed the ability to grow luxuriantly on the basal medium. A new stab obtained from the American Type Culture Collection also behaved in this manner, although the original ones were obtained from the same source. As a matter of interest, the original organisms were retested several months later, during which period they had not been used except for transfer at monthly intervals. They were then found to have assumed their previous requirement for nucleotides.
To test the hypothesis that these organisms had developed the ability to dispense with nucleotides after continued frequent use, they were subjected to daily transfer and tested for their dependence upon nucleotides (adenylic acid was used throughout). The results are summarized in table 2, where the cultures are labeled strain 45 and strain 47. These numbers refer to the year in which they were first studied in this laboratory, and serve to distinguish them from the nucleotide-independent strain that arose from them. The latter will be called strain 49. It will be seen that the transferred culture (strain 49) grew luxuriantly in the basal medium. However, the complete change to the nucleotide-independent type occurred at a much slower rate than has been observed for adaptations with respect to carbohydrases; for example, 20 transfers of strain 45 were required on the agar medium described above, and 15 transfers of strain 47 were needed in the broth used for the inoculum cultures. The slow rate of adaptation is not surprising in view of the fact that both the agar and broth media supplied Folic acid. Although the requirements for other growth factors have not been studied with each of the serial transfers from strains 45 and 47, strain 49 has been found able to dispense not only with nucleotides but also with folic acid, which is practically essential for strain 45 (Nygaard and Cheldelin, 1951) . Whether these adaptations occur simultaneously with the change in the nucleotide requirement is not known. Evidence that the reverse processes loss of ability of strain 49 to synthesize these factors) do not occur simultaneously is offered by the formation, through aging and infrequent transfer of strain 49, of a strain requiring folic acid that nevertheless grows abundantly in the absence of nucleotides.
An accessory liver factor. The existence of an unidentified growth factor for L. gayoni 8289 has been previously demonstrated (Cheldelin and Riggs, 1946) . This substance, obtained from liver, elicited luxuriant growth and heavy acid production by the organism. It was called for convenience the Gayoni factor. Subsequent experiments have revealed that the Gayoni factor probably represents the combined activity of nucleotides, high levels of folic acid, and an as yet unidentified stimulatory factor from liver. The relationship that exists among these metabolites is being investigated further. Of greater importance to the present study, however, is the observation that the loss of requirement for nucleotides described above was accompanied by a loss of requirement for liver preparations. The reverse adaptation process, i.e., development of a requirement for the foregoing metabolites is evidently much slower. Although the adapted strain appeared to revert spontaneously to a nucleotide-requiring type, studies to date with strain 49, which have attempted to set a minimum time for this reversal, have proceeded beyond 8 months' duration with no definite adaptation toward a more fastidious character. As Monod has pointed out (1947) , this is perhaps to be expected, since in any process A C *-+ D, if the regular sequence A +-+ C BA can be by-passed by development of the reaction route B +-> C, reversion to the A <-+ C route will be slowed by the continued production of B through its equilibrium with C. The enzyme system that catalyzes the latter transformation will thus be maintained in an active state over a relatively long period of time.
Braun (1947) As observed for L. gayoni, L. mesenteroides has also improved in its ability to grow on the basal medium (table 1) employed in its culture. Growth became nearly as heavy in the "blank" tubes as in those containing liver extract, as may be seen from table 3. With the first transfer from a stock culture, the turbidities ranged from 0.09 in the blank tube to 0.41 in the tube containing 1 mg of liver fraction L. In a culture that had been transferred frequently over a period of several weeks, the corresponding turbidities were 0.36 and 0.45, respectively. The similarity that this phenomenon seemed to bear to the process described above for L. gayoni was accentuated by the observation, made 3 years later, that L. mesenteroides cultures that had meanwhile been transferred at monthly intervals were again dependent upon liver extracts for growth even after incubation periods of 60 hours or longer. Although the coluimns in table 3 are not strictly comparable because of the fact that the response curves were obtained at different times with different liver standards, the low blank value of 0.04 in the aged organism indicates that synthesis of the factor was at a minimum.
In order to determine the extent of synthesis of the Leuconostoc factor by growing cultures, the following experiment was performed: two 30-ml volumes of medium were inoculated with a culture that was capable of good growth on the basal medium after prolonged incubation (36 hours or longer). One flask contained no added liver, whereas the other contained about half of the amount needed for optimum growth in 14 to 18 hours (0.6 mg liver fraction L per 10 ml). The latter culture was removed to a refrigerator after growing to an optical density approximately 0.40, and the culture without added liver was allowed to remain at 37 C until its optical density also reached 0.40. Both crops of cells were then harvested, and, after autoclaving, the organisms and the media were tested for the presence of the Leucnostoc factor. The results in table 4 indicate that synthesis occurred in each culture, but that it was about three times as great in the culture that had grown without the added liver factor. It seems reasonable to conclude that adaptation of L. mesenteroides to more rapid growth through transfer on the basal medium is caused by increased synthesis of the factor by the organism. The loss in requirement for B6 phosphates by L. kacti8 Dorner (Shorb and Briggs, 1948) , during dissociation of the culture, presumably also involves an adaptation toward synthesis of these factors. As with L. gayoni, L. mesenteroides is at present being maintained in a liver-factor-dependent state through aging. Intervals of at least a month are placed between successive serial transfers.
General experience with lactic acid bacteria has indicated that adaptive enzymes do not exist in these organisms for the production of most vitamins. However, it is now evident that adaptation occurs toward the synthesis of thiamine, p-aminobenzoic acid, vitamin B12, folic acid, and B. phosphates. With the exception of p-aminobenzoic acid, these nutrilities possess compound structures consisting of two or more moieties. These may likely arise (as does thiamine many other species that require vitamins and coenzymes for growth could be trained to synthesize them, not only from the moieties but possibly also from other precursors. Successful development of such variant strains would furnish much useful material for studying metabolic transformations that occur in these organisms, particularly at the enzyme level, through the use of cell-free systems.
